. CAP also places a minimum level intervention price on the sector. Given current demand for dairy products within Spain, it is generally felt that the quota system applied to the Spanish production is too restrictive and includes many administrative problems with control and distribution policies (Briz, 1995; Mercasa, 1993; Rocha, 1991) .
At the center of the argument for Spain's dairy sector is the fairness of the quota system and the need for revisions in the policies. In order to make definitive arguments for bringing about allocation policies, it is essential that the demand for Spain's dairy products be fully documented. Without having a good quantitative understanding of demand, it is impossible to make consumption projections essential to setting and/or changing quota policies. Eating habits are changing in Spain, following other international patterns (Connor, 1994) . In the last decade, consumption of fresh milk declined while use of sterilized milk increased. Population growth is near a zero rate. Consuming units are changing their structure with a higher proportion of couples and single person households. Regional differences in milk demand are expected given demographic differences across the country. Clearly, the first step to addressing policy issues related to the dairy sector must start with a definitive measure of fluid milk demand.
In this paper, our objective is to address the demand component of the dairy industry. Without acceptable measures of demand, it is impossible to set forth meaningful quota policies that both address Spain's concerns for its dairy sector and the broader issues for the total European community. This paper provides a better understanding of consumption patterns for whole and skim milk using a habit persistence model. Applying this expenditure allocation model, fluid milk demands are estimated and used to provide insight into Spain's fluid milk market.
CONSUMPTION AND PRICES ACROSS REGIONS
Consumption data and prices of whole, skim, and all other milk forms were collected across 17 providences in Spain and recorded monthly starting with January, 1987. These regions listed in Table 1 extend across the entire country and, hence, should be representative for measuring Spain's demand for milk. In Table 1 , means and coefficients of variation (C.V.) are shown for volumes and prices of whole and skim milk in each region. Since the C.V.'s are independent of the unit of scale, they are comparable across regions and variables (Ministerio de Agricultura, 1987-92) .
The columns for whole and skim milk provide insight into how milk consumption differs within Spain. Metropolitan Madrid shows the highest average per capita consumption of whole and skim milk with the whole milk value being 6.091 liters per capita per month. In comparison, the Canary Islands show the lowest per capita consumption for whole milk. Consumption of skim milk is substantially less than whole with per capita values usually in the range of .9 to 1.4 liters. Note that while skim milk consumption is quite low relative to whole, it does show substantial variations in consumption over time. For example, in Madrid the relative variation in skim milk consumption is three times that of whole milk. In some of the more rural areas (such as Galicia, Asturias, Cantabria) consumption possibly appears lower because milk is produced and consumed on the farm and may not enter the reported statistics.
Variations in whole and skim milk prices are quite similarly in contrast to what is seen for the volume results. There are minor differences in the mean levels and degree of change over time when comparing regions. While not a strong difference, skim milk prices have shown slightly more variation. Variations in volume across the regions are approximately five times the variation seen for milk prices. Variation in whole milk prices versus skim prices are almost identical. On average, one milk form does not consistently sell at a premium to the other. Also, the simple average across regions for both is nearly identical with whole milk prices averaging 79.7 pesetas per liter and skim milk being 80.2 pesetas. Finally, statistics for per capita income are presented in this table. The mean income is 1.2 million pesetas and the variation in income over time and across regions are close. Table 1 is important because it establishes that there exist considerable variation in the consumption of fluid milk both over time and across regions. Given this variation and the monthly data from each region, information is available for measuring Spain's demand for fluid milk on average and according to differences across regions and over time.
DEMAND SYSTEMS MODELING
The economic literature is well established in mapping the relationship between utility and the demand for selected products. One frequently used approach is to estimate the demand for selected goods where the share of consumer expenditures on the selected goods is related to total expenditures on the commodity group and prices for those goods within the group. In most cases, the empirical issues focus on specifying the appropriate utility function, showing how to incorporate demographic changes into the analysis and to deal with dynamics. Pollak and Wales (1992) provide an excellent review of the more useful expenditure allocation models and give several examples and comparisons of various model forms. In Pollak and Wales' studies they show the strong performance of the Prais-Houthakker approach relative to several other specifications. Since primary concern is with the results, the demand models for Spain's milk industry are based on a modified Prais-Houthakker approach to demand modeling. Milk consumption is limited to whole fluid milk, skim milk and a class referring to all other fluid milk forms with monthly consumption recorded across the regions. Given the repeat use of fluid milk as part of most individual diets, there is likely habit persistence in the consumption of fluid milk in one or more forms and possible structural change in consumer preferences for milk products. Let the three milk products noted above be m 1 (whole), m 2 (skim), and m 3 (other) with each m i denoting a specific amount of each milk product. 1 We then define the consumer utility function with U(m 1 , m 2 , m 3 ) measuring consumer satisfaction for the three forms of fluid milk. Given that both quantity and prices for each product are nonnegative, then consumers maximize their utility for m subject to the budget constraint that total expenditures () cannot exceed the income available for expenditures on this product group (Simon and Blume, 1994) . A clear implication is that consumers increase their utility with increases in consumption of each m i , i.e., ѨU(m)/Ѩm i Ͼ 0 where m ϭ (m 1 , m 2 , m 3 ).
One utility form used in several demand studies is the constant elasticity of substitution (CES) function where
␥ . The ␣'s correspond to proportional changes in m i where ⌺ iϭ1 3 ␣ i ϭ1 and the ␤'s account for shifts in preferences or shifts in the utility mapping (see Pollak and Wales, . Finally, ␥ corresponds to an unknown parameter in the elasticity of substitution () where ϭ 1/(1-␥) and 0 Ͻ ␥ Ͻ 1. Following standard utility maximization procedures using this CES utility specification, the demand of m i can be derived as developed with equation (1). Letting w i ϭ p i m i /(⌺ rϭ1 3 p r m r ), then the demand function can equally be expressed in expenditure shares as set forth in equation (2) (Pollak and Wales, p. 155) .
Demographics and consumer habits can be major determinants of consumption patterns. It is essential that such determinants be directly incorporated into the demand system as set forth with equation (2). While there are several ways to include demographics in the demand systems, we have adopted the modified Prais-Houthakker procedure to account for regional differences in the demand for fluid milk products. If the original demand system was denoted by the standard form h i (P, ) before defining the utility function, then the modified PraisHouthakker procedure replaces the original system with s i h(P, /s o ) where s i is a specific scale for the i th commodity and is directly related to the demographics () (i.e., s i ϭ S i ()). Further, the income scale s o is defined by the budget constraint where ͚ p i s i h(P, /s o ) ϭ (Pollak and Wales, p. 79). Following Pollak and Wales' (p. 171) adaptation of the modified Prais-Houthakker model, equation (2) can be rewritten to explicitly relate the effects of demographics on the demand system as developed in equation (3). Note that can be a single demographic variable or a vector of demographics impacting the demand for fluid milk.
In addition to the demographic effects, fluid milk is among a group of products that have generally well established consumption use and is a complement to the consumption of other products consumed regularly (e.g., consumption of cereal for breakfast, milk in coffee, etc.). One would expect some habit in the consumption of fluid milk products, thus the demand system should reflect habit persistence. In the context of the expenditure equation in (3), ␤ i is related to previous levels of milk consumption (m i(t-1) ) where one form could be ␤ i ϭ ␦ 0 ϩ ␦ 1 m i(t-1) . If there are changes in habits over time due to exogenous effects, then the habit persistence adjustment could also include a trend variable as suggested in equation (4).
In equation (4), ␦ 0 is interpreted as the "physiological necessary" portion of ␤ i while ␦ 1 and ␦ 2 are the "psychologically necessary components" (Prais and Wales, p. 14). Furthermore, ␦ 1 is viewed as endogenous taste changes while ␦ 2 represents exogenous taste changes. Clearly, ␦ 2 and the time trend (t) represent proxy measures for factors generating these exogenous changes. Such factors could include advertising and/or major changes in product packaging, distribution, and storage methods if they were trending. Also, one would expect ␦ 1 to reflect only habit persistence and not inventory effects because of the highly perishable nature of fluid milk even for short time periods such as months. Thus, if ␦ 1 is statistically significant it must be reflecting consumption habits and not storage.
The scale adjustment in equation (3) traditionally accounts for demographics or related economic and non economic variables. Since our analysis is based on regional differences in Spain over a relative short time period, we capture demographic difference through regional dummies for each cross section in the data set. Obviously, one would prefer to have actual demographics, but data limitations make it necessary to use this approach to capture regional differences. Let the R's be regional dummies for the 17 regions identified in Table 1 . Then a useful proxy way to include demographic differences in the demand system is to define g i ϭ (1 ϩ ⌺ rϭ1 17 r R r ) where r ϭ 1, 2,..,17. Since the inclusion of all dummies by definition creates a singular matrix, the restriction that ⌺ rϭ1 17 r ϭ 0 is imposed. Using region one as a base, then 1 ϭ Ϫ⌺ rϭ2 17 r . Substituting this restriction into the original summation gives g i ϭ (1 ϩ ⌺ rϭ2 17 r dR r ) where dR r ϭ R r Ϫ R 1 . This method for including the regional dummies is particularly useful when interpreting the final model results since with g i ϭ 1 implies an average value over all regions and g r ϭ 1 ϩ r where rՆ1 gives regional differences. Thus one can estimate the demand system fully accounting for regional differences and then discuss the average in addition to specific regions. In our analysis of Spain's dairy sector we are more interested in the overall average than for a specific region even though the model will facilitate dealing with specific regions.
FLUID MILK DEMAND ESTIMATES
Monthly data were recorded over the period 87:1 through 92:9, giving to total of 69 observations per region. Using these data, whole and skim milk expenditure share equations were estimated based on the coefficients for w i and equation (1) ϭ other milk price (pesetas per liter) in region i for period t. TM ϭ time trend with TM ϭ 1 when t ϭ 87:1, etc. WM i(t-1) ϭ whole milk consumption per capita per month (liters per capita) in region i for period t-1. SM i(t-1) ϭ skim milk consumption per capita per month (liters per capita) in region i for period t-1. OM i(t-1) ϭ other milk consumption per capita per month (liters per capita) in region i for period t-1. R it ϭ dummy variables corresponding to the 17 cross sections.
Note that the "i and t" subscripts for the w's can be dropped for convenience without any loss in their meaning. Using these definitions and the models from (3), empirical estimates are reported in Table 2 . In this table, the 's correspond to the regional scale adjustments discussed above (see Table 1 ) and the ␦'s reflect the structural shifts from habits and exogenous trends as defined in equation (4). Parameter estimates along with their t-statistics are presented for each milk product and other statistics are reported at the bottom of the table. Appropriate parameter restrictions consistent with demand theory have been imposed on the estimated models.
Proportional changes (␣'s) in the utility mapping are statistically significant and have the correct signs and expected magnitudes. Likewise the elasticity of substitution () in the original utility is also consistent with prior expectations and is statistically significant. Regional differences are clearly seen with the 's where the t-values provide a test of regional differences from an overall average. The ␦'s capture preference shifts with the habit formation (␦ 1 ) being statistically significant for each milk product. Estimates for ␦ 1 are particularly interesting in that they are the most significant estimates within the models. Clearly, habit persistence as reflected initially in equation (4) is present and the implications will be shown in subsequent simulations. In contrast the exogenous preference shift estimated with ␦ 2 is significantly different from zero for whole and skim milk. There is strong empirical evidence of structural change reflected with the time trend set forth with equation (4). While consumer preferences have changed, the relative importance of the exogenous preference shifts compared to the other changes will be illustrated using simulation techniques. The t-value are based on standard errors after using the heteroscedastic-consistent matrix from the White's correction procedure.
The results in Table 2 include correcting for heteroscedasticity. Using a Lagrange Multiplier test (LHHET in Table 2 ), the test pointed to the presents of some heteroscedasticity in the whole and skim milk equations before correcting the models. LMHET in Table 2 follows a 2 and the corresponding Type I probabilities are shown. Given the LM values are statistically different from zero, the original milk models were corrected giving the estimates and standard errors reported in Table 2 . While the corrections were made, numerically they had very minimal effect on the estimates and subsequent conclusions about milk demand.
Coefficients of determination are reported for the whole and skim milk and not for the other milk since it is predetermined once whole and skim milk shares are estimated. R 2 values are reported at the bottom of Table 2 . Finally, a generalized measure of serial correlation indicated no problems with the residuals over time.
PRICE ELASTICITIES
Using the estimates from Table 2 , the first important dimension to understanding Spain's milk demand is to show the direct price elasticities. Table 3 includes direct price elasticities for the average across regions and for each of the 17 regions. All values are calculated at the mean expenditure level using average prices. As evident from the overall country average, there is considerable difference in the elasticities among whole, skim and other milk with the Table 1 ).
elasticities shown to be -.57, -.17 and -.36, respectfully. Since skim milk is a more differentiated product one would intuitively expect the elasticity for whole milk to exceed that of skim. Clearly, milk is very inelastic as one would hypothesize for a product that is generally considered an essential part of the nutritional intake. Also, given the perishability of milk, one would not expect increased storage with price adjustments, thus further pointing to the expectation for very inelastic demands. Studies of the U.S. dairy demand by Ward and Dixon point to similar elasticities among U.S. consumers. Williams gives elasticities for all liquid milk in the United Kingdom with values in the range of those estimated for Spain.
Oskam estimates the price elasticity for milk and milk products to be -.14 for the Netherlands. Almost all U.S. dairy studies point to price elasticities in the range of -.10 to -.40 (Kilmer, 1989 ; Johnson, Eds., 1992) . Relative regional differences in elasticities are compared using the coefficient of variation reported at the bottom of Table 3 . Variation in skim and other milk elasticities across regions are several times greater than seen for whole milk as show with the C.V. of -.23 for whole milk compared with -1.41 and -.99 for skim and other milk. In a few regions the sign for skim and other milk are wrong, but for the majority of regions the elasticities carry the expected signs and magnitudes. Also, the skim milk elasticities tend to be lower within the more metropolitan regions such as MValencia, MMadrid, and Cataluna (Barcelona).
Habit formation or persistence is significant for each milk product (i.e., see the ␦ 1 and ␦ 2 values in Table 2 ). Since whole and skim milk are our primary products of interest we have plotted the estimated demand responses for these two products to give a clearer picture for the short and longer run demands for these products. In the long-run m i(t-1) equals m i o . Substituting this value into the habit formation in equation (4) and then solving for m from equation (3), both the short and longer term demand responses can be illustrated as shown in Figures 1a and 1b for whole and skim milk. Showing the estimated demand is much more revealing than just reporting price elasticities, particularly when dealing with short and longer term changes.
Again, if there were no structural changes or habit formation, the short and long-run demand responses would be identical for each product. In Figures 1a and 1b differences in the short and long (habit formation) are evident, although the differences are not substantial. For whole milk over a price range from 68 to 88 pesetas per liter, long-run demand differs from the short run by ϩ4% at the lower price of 68 pesetas to -2% for the higher price. Using the same price range for skim milk shown in Figure 1b , the short and long run differs by ϩ.05% to -2.35%. For both products illustrated in these figures, habit formation due to the endogenous preference shifts is statistically significant (see Table 2 ) but numerically quite small. Recall that from equation (4), we are measuring the impact of the structural adjustments associated with ␦ 1 and not ␦ 2 which is the exogenous structural adjustment over time. Given the fundamental importance of milk in daily consumption patterns, the small numerical differences illustrated for both products are expected. Recall that these figures are for the average and will differ across regions depending on the values reported in Table 2 .
These results are particularly important when addressing policy issues dependent on demand estimates. One can show the short and long-run implications of policies influencing prices but generally the differences between the short and long term will not be too large numerically. Simply, while habit persistence is statistically significant, the differences on milk demand over historical price ranges are not that large. Again such observations are best seen using the graphs rather than just reporting elasticities.
BUDGET SHARES
What happens to milk demand and relative shares when total expenditures on milk increase? That is, what are the marginal changes associated with changes in from equation (2)? Marginal budget shares are also reported in Table 3 with the marginal response defined as 0 Ͻ Ѩ(p i m i )/Ѩ Ͻ 1.0. For the average (675 pesetas), whole milk captures 56% of a unit increase in expenditures and skim milk accounts for 14.7%. The marginal budget shares are close across the regions with whole milk ranging from 49% to 62% and skim milk extending from 10% to around 17%. Relative variation in marginal expenditures as measured with the coefficients of variation among the three milk categories points to a much higher degree of stability in response to expenditure changes relative to price changes. For example, the C.V. for whole milk expenditures is .0736 compared to .2371 for prices giving a factor around three. Similarly, skim milk shows the regional variation of .1259 compared to the price variation of 1.4093 or a factor nearing ten. An interesting extension of the budget response is to show the change in demand shares over expenditure levels within a given time period. In Figure 2 we have simulated the total demand for fluid milk across per capita expenditures ranging from 400 pesetas to 1000 pesetas per month. Holding prices fixed at their means, then total demand increases as shown with the upper curve. At the lowest expenditure level, nearly 65% of the expenditures is for whole milk. As the total expenditures increase, the percentage going to whole milk declines to near 58% of the total milk volume demanded. While this figure continues to show the dominance of whole milk in the consumer diet, it also shows a growth in the use of alternative milk forms as expenditures increase. The upper level of 1,000 pesetas is approaching ranges beyond historical experiences, yet within this range the limits to demand adjustments across product forms can be easily seen. That is, whole milk demand decreases in relative terms but still remains the major component in the Spanish consumption of fluid milk. Clearly, the slope of the 
DYNAMICS OF FLUID MILK DEMAND
Over time Spanish demand of fluid milk depends on expenditure assumptions, prices, and the preference adjustments captured with equation (4). Preference adjustments are dynamic in the sense that a prediction for m i in one period enters the demand equation in the subsequent period through this equation. Furthermore, ␦ 2 adds an additional exogenous adjustment with the inclusion of time. Recall that ␦ 2 was significant for whole and skim milk but not for the other category (see Table 2 .) Using the models set forth in Table 2 and an inflation assumption, one can gain insight into the dynamics of milk demand over time. In Figure 3 , we have simulated fluid milk demand over several months using the following scenarios, recognizing that the growth assumptions are somewhat arbitrary:
Scenario (1). Fluid milk expenditures and milk prices remain at the mean starting price in 1992 while allowing for exogenous preference shifts captured with ␦ 2 .
Figure 2. Simulation of Spain's Whole Milk Demand in Response to Changes in Budget Expenditures on Milk Products Using the Modified Prais-Houthakker Demand Model
Scenario (2). Fluid milk expenditures grow at an annual rate of 3% and include the exogenous preference shifts captured with ␦ 2 while milk prices remain at the mean starting price in 1992.
In Figure 3 , whole milk demand is shown to increase from 5.7 to 6.9 liters given the preferences shifts captured with ␦ 1 and ␦ 2 in Table 2 . Likewise, skim milk increases from 1.5 to around 2.0 liters over the same period. Gains in demand for whole and skim milk in this scenario occur at the cost of declines in the demand for the other milk category. Prices will not remain fixed over time and expenditures are likely to change. Hence these plots with Figure 3 are not forecasts but a portrayal of the dynamic underlying patterns attributed to habit persistence and preference shifts estimated for the three milk forms.
In contrast to scenario (1), we have also allowed expenditures to grow at a rate of 3% annually for several years beyond the end of the data set. Again prices were held fixed at their means while recognizing that higher or lower price inflation rates over time and across the three milk categories would change the resulting demand patterns. In Figure 3 , the dotted lines show the case with rising expenditures (i.e., 3% annually) and fixed prices. The expenditure increases lead to the most growth in whole milk demand with an increase to 7.5 liters. Whereas, What is apparent with the scenarios in Figure 3 is that the preference shifts in isolation from price adjustments will significantly change in the relative demands for milk products. Given the current preference measures, these changes can only be altered through differential pricing schemes if there is a structural reason to keep all product forms in the marketplace.
Other studies using of fluid milk demand based on non-systems approaches show mixed growth results. Williams looked at the United Kingdom dairy demand and found the income effects to be mixed from year to year and generally insignificant (Williams, p. 238 ). Ward and Dixon show positive and significant income elasticities for U.S. fluid milk demand (1989). Haidacher provides a review of many U.S. dairy studies and generally concludes that the income elasticity results are mixed depending on the data period and type of product (Haidacher, . There are often problems estimating income elasticities separate from the underlying time trends seen in many milk demand studies (Haidacher, p. 194) . Oskam even shows a negative income effect for dairy consumption in the Netherlands (Oskam, 1982; . Goddard shows a positive and significant income effect for Canadian milk demand (Goddard, 1988) . Clearly, this habit persistence model does provide a measured difference attributed to income versus preference shifts.
From a national policy perspective, the more important issue is what happens to total demand for fluid milk under the scenarios presented. Once total demand is projected, then what are the implications for Spain's milk production quote system under the current EU (European Union) policies? For the cases presented with Figure 3 , total per capita liters actually decline from 8.92 to 8.69 liters with no expenditure growth. With the 3% growth in expenditures, total milk demand increases from 8.92 to 9.69 liters over the years simulated. This represents a .75 liter increase in demand which could then be used to project to the total country. Such projections are beyond the scope of this paper since issues of estimating the appropriate growth and differential pricing issues must be carefully explored before setting forth specific demands that can be used to address the current EU milk quote problem. On the other hand, the expansion of the EU in the coming years from 15 to 25 or 30 countries may change the actual regulations. In any case, an adequate knowledge of consumer behavior and demand projections are the keystone to the policymaker.
CONCLUSIONS
Demand is one of the driving forces that ultimately dictates the success or failure of agricultural policies and firms within an industry. For Spain's dairy sector, we have measured the demand for fluid milk and then used the models to illustrate the static and dynamic dimensions to consumption of fluid milk. Milk consumption is shown to be influenced by habit patterns along with the traditional economic variables. Habit formation is measured and shown to be an important element to change. Elasticities are estimated for whole, skim, and other fluid milk forms.
As with any analysis based on econometric estimates, our conclusions are conditioned on the demand models estimated and the properties of the specification. The results from the Prais-Houthakker model were robust with slight changes to the model, thus giving us more confidence when using the estimates for simulation purposes. Clearly, one needs to always be conscious that the model properties impact subsequent simulations. While it is beyond the scope of this paper, we have compared these results to using the AIDs specification and other expenditure allocation models. Consistent with Pollak and Wales, Prais-Houthakker models seem to work quite well relative to alternatives.
In this phase of the analysis of the dairy sector, the study has been limited to measuring demand. Using this demand and the corresponding consumption projections, then it is possible to explore the economic impact for changing dairy production quotes, from allocations between whole and skim milk, and from market enhancement policies. At this stage we have limited the discussion to demand measurement, clearly recognizing its importance when addressing different supply policies. Several regions in Spain were used primarily to provide a richer data source for estimating the milk models representative of the country. Most of the differences in regions were captured with the discrete intercept shifters. A next stage to the full analysis would be to better capture the social economic, demographics, and attitudes across consumers to better explain milk demand for each region. What drives the habit persistence and can it be measured? How have attitudes about milk products changed over time and what are the implications for regional allocation of milk products? At this juncture, we have estimated a robust measure of whole and skim milk demand using the modified Prais-Houthakker model while including habit persistence and formation.
